Interference cancellation scheme without feedback is proposed for X channels with four antennas at each user. Space-time codeword with Alamouti structure is designed for each user. Codewords are combined according a certain rule. The unwanted codewords are cancelled by linear operation on the received signals. Then, multi-user interference is mitigated by the orthogonal property of the Alamouti code. Comparing with the existing scheme for the same scene, feedback information is not required in the proposed scheme. So the transmission efficiency is improved.
Introduction
Multi-input multi-output (MIMO) systems have the ability to improve the reliability and the effectiveness by transmitting independent data stream simultaneously. There are single user MIMO and multi-user MIMO [1] [2] . For multi-user MIMO system, each user transmits signals to one or more receivers simultaneously using the same band. Since these users can't cooperate with each other, there is serious interference at each receiver, which seriously affects the system performance [3] [4] .
Interference alignment is the most studied interference cancellation method [5] [6] . Interference alignment aligns the interference signals along the same subspace while the wanted signals occupy linearly independent signal dimensions, such that the wanted signals can be separated [7] [8] . Later, interference alignment and space-time code are combined to obtain diversity gain [9] [10] . two users MIMO X channels, in which multi-user interference is eliminated by interference alignment and linear processing at the receivers [11] . In [11] , the transmission efficiency and the diversity gain are 8/3 symbol/channel and 2, respectively. The idea in [11] is extended into [12] , in which 4 × 4 space-time code is used at each user and two columns of the zero vector are introduced into each codeword. [13] proposes a method of interference cancellation using space-time and pre-coding for MIMO X channels, where each user has four antennas.
However, in [12] and [13] , channel station information (CSI) is required at the two users. Since some time slots are required to send CSI, the transmission efficiency needs to be improved.
Interference cancellation method without feedback is proposed for X channels with 4 antennas at each user. Codewords with Alamouti structure are designed, which contain 4 independent modulated symbols, and then the codewords are combined with a certain rule. The unwanted codewords are eliminated by linear operation on the received signals, and then the interference between wanted codewords is cancelled using the orthogonal property of the Alamouti code. So the multi-user interference is mitigated. Compared with the same scheme for the same scene, our proposed scheme greatly reduces feedback amount, while keeping the same diversity gain. Simulation results demonstrate the validity of the proposed scheme.
System Model
The system model proposed in this paper is shown in Figure 1 . Consider a two-user and two-receiver X channel, where each node has four antennas. Use ( ) The two users combine i C and i S respectively to get C and S as fol-
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Let i H and i G to denote the 4 × 4 channel matrices from user 1 to i R and from user 2 to i R , respectively. These two users transmit C and S respectively at the same time. The received signals at 1 R and 2 R , denoted by Y and Z with dimension 4 × 4 respectively, which are written as follows
where, N and W are 4 × 4 Gaussian noise matrices.
The Method of Interference Cancellation
The interference alignment method is presented, taking 1 R as example. Let [ ] (2) (3) (5) and (6) can be obtained. 
From (5) (6), (7) can be obtained. 
The wanted codewords of 1 R are included in (7), while the unwanted codewords are not included. Thus, the unwanted codewords are mitigated through linear operation on the received signals, and the number of interfering codewords is reduced. However, interference between 1 C and 1 S still exists, as shown in (7). In what follows, the method to separate 1 C and 1 S is presented. 
where, 
Decoding and Diversity Gain
In this section, the decoding method is presented, taking 1 R as example. By calculating, we can get
Step 6, with the aid of the effective transmit signal Step 7, similar operations can be performed to decode 2 c and 4 c . 
Performance Analysis and Simulation Results
There are 32 modulated signals to be transmitted in 6 time slots in [12] . Before transmitting the modulated symbols, two users need to know the feedback information which are 64 plurals. The feedback information is transmitted to the two users from receivers, which takes up some time slots. 12 time slots are re-quired to send feedback information if these receivers adopt the same transmission and adopt the same code mode as the transmitters. So, 18 time slots are required to send 32 independent modulated signals in [12] , with a transmission efficiency of 16/9 symbol/channel. 16 independent modulated signals are sent over 4 time slots in [13] , in which the feedback information are 8 plurals. 2 time slots are required to send feedback information if these receivers adopt the same transmission and adopt the same code mode as the transmitters. So, 6 time slots are required to send 16 independent modulated signals in [13] , with a transmission efficiency of 8/3 symbol/channel. 16 independent modulated signals are sent over four time slots in the proposed scheme with a transmission efficiency of 4 symbol/channel. So the transmission efficiency of the proposed scheme is 2.25 times as much as that of Ref. [12] , and is 1.5 times as much as that of Ref. [13] .
There are a comparison of the transmission efficiency, diversity gain, feedback and decoding complexity of the three schemes, as shown in Table 1 . M denotes the modulation order. As can be seen from the table, the advantage of the proposed scheme lies in improving the transmission efficiency without any feedback information. The disadvantages are that the decoding complexity is higher than that of Ref. [12] and the diversity gain is lower than that of Ref. [13] .
In Figure 2 , we simulate the average BER curves of these three schemes with 4 QAM modulation and 16 QAM modulation. We consider uncoded systems, in which the channel is independent of the Rayleigh distribution and the noise is Gauss white noise. We can see that the reliability of the proposed scheme is not better than that of Ref. [13] with the same modulation. This is because the proposed scheme improves the transmission efficiency at the cost of decreasing of the diversity gain. The reliability of the proposed scheme is very close to that of Ref. [12] , because the two schemes both have a same diversity gain of 4, which demonstrate the validity of theoretical analysis.
Conclusions
For X channels, where each user has four antennas, the number of interfering time slots is reduced through the combination of codewords. Then, the multi-user interference is mitigated using the orthogonal property of the Alamouti code. Compared with the existing scheme, feedback information is not required, which greatly improves the transmission efficiency. Simulation results demonstrate that the reliability of the proposed scheme is not restricted to system full-rate full-diversity space-time block code. It can be extended to the other type of perfect space-time block code. However, the scheme is limited to the two users X channels. Future work on this scheme includes extending the application scene.
